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General introduction & outline of the thesis 

1.1 ESOPHAGEAL CANCER 

 

The recent advances in cancer genomics 

and the advent into the clinic of novel 

molecular targeted therapies are raising 

fresh enthusiasm and hope in the 

longstanding fight against cancer. It is 

now evident that only understanding 

both, tumor-cell intrinsic and extrinsic 

factors, we can effectively improve 

therapeutic responses. Despite latest 

improvements in diagnostics and 

therapeutics, Esophageal Cancer is still 

the sixth most frequent cause of death 

related to cancer worldwide1. Patients 

that suffer from this cancer have very 

poor prognosis, with 5-year survival 

rates of 15-20%2,3. This is mostly due to 

late clinical presentation with advance disease. Esophageal cancer can be classified 

into two major histologic subtypes: Squamous Cell Carcinoma (ESCC) and 

Adenocarcinoma (EAC) (Figure1)4. The former occurs mainly in the upper and middle 

portions of the esophagus. EAC, instead, develops in the lower part of the esophagus, 

in proximity to the gastro-esophageal junction (GEJ). This classification has been 

recently confirmed and implemented at molecular level, where extensive genomic 

analysis of ESCC and EAC patients’ biopsies, clearly defined the two cancer subtypes 

as distinct molecular entities5. Strikingly, especially in western countries, the incidence 

of EAC increased dramatically over the past twenty years6. Unfortunately, standard 

treatments, such as chemoradiotherapy and/or surgery, seem to be not effective. In 

this thesis I will outline the investigation of key molecular events that drive EAC 

pathogenesis, with a closer look to its immune microenvironment. Only a deep 

understanding of these molecular factors can lead the way to the development of 

effective targeted therapies. 
 

 

 

 
Figure 1. Adapted from Romero D., Nat. 
Rev. Clinical Oncology, (2017) 
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1.2 BARRETT’S ESOPHAGUS & ESOPHAGEAL ADENOCARCINOMA 

Barrett’s Esophagus (BE) is one of the major risk factor associated with the 

development of EAC. BE is a premalignant condition characterized by the 

replacement of the stratified squamous epithelium of the distal esophagus by 

intestinal-type columnar epithelium. Development of BE itself is strongly associated 

with the presence of gastro-esophageal reflux disease (GERD)7. Chronic reflux of 

gastric and duodenal acid and bile is the initial stimulus needed to drive the columnar 

phenotype. Although the cell of origin that give rise to this process has not been yet 

identified, most likely different stem cell lineages are responsible for the differentiate 

of the esophageal epithelium into neosquamous or columnar-like. The result of this 

process is the appearance of non-intestinal (non-IM) and intestinal metaplasia (IM), 

conditions that can evolve into low-grade (LGD) and high-grade dysplasia (HGD) and, 

finally into EAC. The risk of progression from BE to EAC is 0.12-0.7% per patient per 

year8,9. Although numbers are modest, the incidence of HGD and EAC increases up to 

13,4% per year when LGD is present10 and, up to 25% for patients diagnosed with 

HGD11. Stated the relationship between BE and risk of developing cancer, endoscopic 

surveillance is advised for BE patients in order to early detect the presence of HGD 

and/or EAC. Up do date, the Seattle protocol is the main endoscopic surveillance 

program recommended for BE patients. Biopsies are taken from four-quadrant 

random areas of the BE segment at 1-2cm intervals12. Additionally, in the presence of 

irregularities such as nodules, erythema and erosions, separate targeted biopsies are 

collected. The resulting histopathology analysis determines the surveillance interval 

for each case.  

 

A lot of effort has been directed at finding molecular and genetic biomarkers in order 

to improve the efficacy of surveillance programs and diagnostic procedures. Despite 

these studies, for most biomarkers there is insufficient evidence for implementation 

into the clinic. Most data obtained are based on observational studies on transversal 

cohorts or case control series. Only a few longitudinal, long-term prospective follow 

up studies have been performed. From these studies several biomarkers seem to be 

promising. Chromosome instability has been associated with progression from BE to 

EAC13. In a 10-year prospective study, a biomarker panel detecting 9p loss of 

heterozygosity (LOH) (inactivation of the p16 tumor suppressor gene), 17p LOH 

(inactivation of the p53 tumor suppressor gene) and DNA content abnormalities 

(aneuploidy or tetraploidy), identified patients with high or low risk of progressing to 
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EAC14. In a population-based study, a panel comprising LGD, abnormal DNA ploidy 

and Aspergillus oryzae lectin, risk-stratified BE patients in progressors and non-

progressors15. Our lab, in its place, has built a prediction model based on age, Barrett’s 

length, p16, MYC and aneusomy with the ability to determine progression risk in non-

dysplastic BE patients16. Moreover, Timmer and colleagues were also able to 

demonstrate that the risk of cancer development for patients with BE is 

predetermined by a baseline level of genetic diversity, which is higher in progressors 

and remains constant over time17. Detection of TP53 abnormalities may also serve as 

prognostic molecular biomarker. For instance, immunohistochemistry (IHC) of TP53 

has resulted to be a predictive marker of progression18. Furthermore in a prospective 

follow-up study, our group has demonstrated that combining TP53 detection by DNA 

Fluorescence In Situ Hybridization to IHC, improves further the accuracy for detecting 

BE progressors19. 

 

In this thesis, we approached the study of molecular key events involved in the 

development of both BE and EAC, from a therapeutic point of view. 

 

1.2.1 THE ROLE OF BILE ACIDS IN THE DEVELOPMENT OF BARRETT’S 

ESOPHAGUS 

Understanding the signalling pathways activated by the chronic gastro-esophageal 

reflux exposure, can potentially unveil novel therapeutic targets at which preventive 

therapies can be directed.  

The relationship between GERD and BE has been extensively studied in humans and 

animal models. First evidence of it occurred in 1970 from a study by Bremner and 

colleagues20
. After denudating the distal esophagus of dogs, induction of chronic 

gastro-esophageal reflux favoured columnar re-epithelisation over squamous 

mucosa. In humans, by monitoring bilirubin and pH, Vaezi and colleagues showed 

that reflux episodes were more frequent in BE patients, followed by patients with 

GERD and ultimately normal controls21. Moreover, clinical evidence suggested that 

GERD duration linearly increases BE risk and exponentially EAC risk22
.  Interestingly, the 

observation that BE developed in patients that underwent total gastrectomy, 

suggested that acid was not the sole responsible for BE pathogenesis23.  

Esophageal secretions and saliva, gastric secretions, such as acid and pepsin, and 

duodenal secretions, such as trypsin and bile salts, mainly compose the gastro-

esophageal reflux. Within those components, bile salts and acid seem to play an 
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essential role in damaging the esophageal mucosa. This damage can then initiate BE 

development and/or stimulate its progression towards EAC24.  

 

Several human studies using esophageal aspiration techniques aimed to identify the 

composition of the main refluxate constituents25,26. Nehra and colleagues, for instance, 

detected higher concentrations of primary and secondary conjugated bile in patients 

with BE compared to healthy controls. Interestingly, in the same study, they found a 

significant temporal relationship between reflux of taurine conjugates and time of 

acidic exposure, suggesting a synergistic critical role for these bile components and 

acidic pH in causing damage of the esophageal mucosa. The synergy between acid 

and biles seems to be the tuning mechanisms that determine the toxicity potential of 

the reflux. Bile components, in fact, can penetrate the cell membrane when present in 

a unionized and soluble state. Reason why unconjugated bile molecules (pKa ~7) are 

more harmful at neutral pH, while conjugated ones (pKa ~2) at acidic pH. Once inside 

the cell, bile components can act as signalling molecules by activating the nuclear 

receptor FXRα or the G-protein-coupled receptor TGR5. A progressive increased of 

FXRα expression has been observed in BE patients compared to healthy squamous 

epithelium27,28. The expression of TGR5, instead, has been found to be upregulated in 

human EAC tissues and seems to correlate with poor patients’ overall survival29. 

 

Our experimental approach aimed in characterizing the bile composition of the reflux 

of BE patients in order to identify the main components responsible for the 

esophageal damage. To this extend, we made use of a novel experimental mouse 

model, in which human BE reflux was given to mice in order to artificially simulate a 

GERD condition. Additionally, we supported our in vivo observations with extensive in 

vitro analysis, by using primary cells and established cell lines. We investigated the 

signalling pathways activated by the different bile components and underlined their 

role in driving BE development. 

 

1.2.2 MOLECULAR PATHOGENESIS OF BARRETT’S ESOPHAGUS AND 

ESOPHAGEAL ADENOCARCINOMA 

The link between bile, acid and inflammation is a central factor in the pathogenesis of 

BE.  Bile and acid, in tandem with esophagitis, have been associated to oxidative stress 

and free-radicals generation30-34. Increase in reactive-oxygen species and antioxidants 

depletions, such as glutathione and vitamin C, have been observed in intestinal 
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metaplasia35. Moreover, increased expression of inducible nitric oxide synthase and 

cyclooxygenase-2 (COX-2), has been detected in both BE and EAC36. Therefore, by 

inducing oxidative stress and consequently, DNA damage, all these elements can 

contribute to the molecular pathogenesis of BE and EAC. 

 

Several experimental and clinical studies have been tried to dissect the cellular origin 

of BE. Until now different hypothesis have been proposed but results are still 

controversial. What is clear is that diverse signalling pathways are altered during the 

sequential progression from GERD to BE and finally to EAC. Remarkably, the majority 

of these pathways are physiologically involved in the embryonic differentiation of the 

foregut into esophagus and trachea, which are lined, respectively, by squamous 

epithelium and columnar epithelium37. Among them, alterations of the bone 

morphogenetic protein (BMP),  (WNT), 

Hedgehog (HH), Notch and retinoic acid (RA) pathway, have been linked to BE 

development and its malignant transformation38. The main downstream effectors of 

these activated signalling cascades are transcription factors that, ultimately, regulate 

the differentiation of the esophageal epithelium into squamous- or columnar-type. 

Therefore, to interpret the role of these pathways in the development of intestinal 

metaplasia may be a logic strategy to consider their roles in embryogenesis. Studies in 

transgenic mouse models, for instance, have suggested that during the development 

of the foregut epithelium, the expression of the transcription factor NKX2.1 (NK2 

Homeobox 1) is needed for the columnar differentiation, while activation of SOX2 (Sex 

Determining Region Y-Box 2) and p63 is required for squamous differentiation39,40. 

Interestingly, the expression of both SOX2 and p63, has been found to be 

progressively decreased during BE development, in favour of intestinal 

differentiation41,42. Additionally, in vitro exposure to bile and acid, induced SOX2 and 

p63 downregulation in normal esophageal cells43,44. 

 

Our group has previously highlighted the crucial role of the BMP pathway in the 

pathogenesis of BE45. Specifically, BMP4 and its downstream target, phosphorylated 

mothers against decapentaplegic 1/5/8 (pSMAD1/5/8), resulted to be highly 

expressed in human biopsies of esophagitis and, to drive the expression of columnar 

type of genes. Furthermore, in a different in vitro study, the expression of BMP4 could 

be induced after exposing esophageal cells to bile and acid46, confirming its crucial 

role in the initiation phase of BE development. Additional evidence of the 

involvement of BMP4 in the pathogenesis of BE, comes from its observed association 
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with the HH signalling. In BE and EAC, the HH pathway and its downstream 

transcription factor GLI1, have been found to be aberrantly expressed compared to 

normal squamous epithelium47,48. Interestingly, HH signalling activation, have been 

observed to induce stromal expression of BMP4 and epithelial expression of the 

transcription factor SOX949. Notably, SOX9 is an intestinal stem cell transcriptional 

regulator and, in vitro, can drive columnar differentiation of esophageal squamous 

cells50,51. Once again, these observations recall the role covered by these pathways in 

embryonic development, where the HH signalling has the ability to induce the 

activation of the BMP pathway52.  

 

Another factor that seems to play a fundamental role in the development of BE 

metaplasia, in particular in the intestinal type of metaplasia, is the caudal-type 

homeobox transcription factor 2 (CDX2). It belongs to the caudal-related homeobox 

family and is a key regulator of intestinal development53. Moreover, a study on ~500 

primary and metastatic adenocarcinomas has showed that CDX2 is an extremely 

sensitive and specific marker of intestinal carcinogenesis54. Notably, while CDX2 is not 

present in normal human squamous epithelium, it has been found to be expressed de 

novo in the intestinal epithelium of BE patients55,56,57. Furthermore the in vitro capacity 

of bile and acids in inducing CDX2 expression in esophageal cells, suggests once more 

a clear involvement in the pathogenesis of BE58,59. Intriguingly, ectopic CDX2 

expression in the squamous esophageal epithelium of a mouse model did not 

induced columnar metaplasia60. 

 

The above mentioned observations pointed out that all these molecular factors are 

insufficient, by their own, to induce the development of columnar epithelium.  For 

this reason, our approach in this thesis was to study the combinatory effect of two 

crucial factors, BMP4 and CDX2, in the progression to intestinal metaplasia. To this 

extend we made use of a novel surgical mouse model, that simulated the presence of 

chronic gastro-esophageal reflux. Additionally, we analysed human squamous 

esophageal and BE tissues and, performed extensive in vitro analysis in order to get 

insights in the molecular relationship between those characterizing events of BE 

metaplasia: BMP4 pathway activation and CDX2 expression. 
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1.3 TARGETING THE IMMUNE SYSTEM IN ESOPHAGEAL 

ADENOCARCINOMA 

 

1.3.1 IMMUNOTHERAPY: BOOSTING THE IMMUNE RESPONSE 

The second part of this thesis will focus on the immunobiology of EAC. Our interest in 

the role of the immune system in EAC comes from the urgent need of novel and more 

effective therapeutic approaches, such as, immunotherapy. The first clinical 

indications for the potential use of cancer immunotherapy date back to 1891 when, 

Dr. William Coley, successfully treated inoperable sarcomas by injecting bacterial 

toxins61. Almost eighty years later, the link between cancer and immune system was 

first hypothesised by the Nobel laureate Sir Frank Macfarlane Burnet62,63.  He defined 

the concept of immune surveillance as the ability of the immune system to 

overwhelm cancer development. When this thesis work begun, at the end of 2011, we 

could not predict how successful immunotherapy would prove to be in treating 

cancer. At that time, immunotherapy was surrounded by great scepticism due to the 

numerous clinical features that marked its past. Thanks to a “good” stubbornness, 

guided by a robust hypothesis-driven biological approach, our group always believed 

in the clinical potential of immunotherapy. Specifically, carrying on the work started 

by Francesca Milano on the potential of dendritic cell immunotherapy in EAC, we 

aimed, in this thesis, to unveil immunosuppressive mechanisms that characterize this 

cancer64. Paradoxically, in the same period, between 2010 and 2011, the US Food and 

Drug Administration approved the sipuleucel T and the anti-cytotoxic T-lymphocyte 

associated protein 4 (CTLA-4) antibody (ipilimumab), for treating, respectively, 

castration-resistant prostate cancer and melanoma65,66. These unprecedented 

responses in patients with advanced-stage tumors boosted the field of 

immunotherapy and shed light on the importance of the immune checkpoint 

inhibitors in modulating anti-tumor immunity. Few years later, this molecular 

approach was further implemented by the approval of the anti-programmed cell-

death protein 1 (PD-1) antibody67,68. CTLA-4 and PD-1 are immune checkpoints that, 

under physiological conditions, suppress the function of T cells, thus preventing 

autoimmunity. The clinical rationale for immune checkpoint inhibition arises from the 

fact that, tumor cells are able to overexpress them, in order to decrease T cell-driven 

anti-tumor response. However, until now, despite the remarkable clinical 

achievements, these immunotherapeutic approaches resulted to be beneficial only 

for a subset of cancer patients.  
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In order to circumvent this issue in EAC, we focused on its basic anti-tumor 

immunobiology. We tested novel methodologies for boosting the host’s anti-tumor 

immune response and, we attempted to understand molecular mechanisms that can 

lead to tumor immune evasion.  

Three sequential steps are thought to define the close relationship between tumor 

and immunity: “Elimination, equilibrium and escape”69. The “Elimination” phase is the 

first step in which the immune system gets activated in order to identify and kill the 

tumor cells. Most likely this phase takes place way before the tumor is clinically 

detectable. The “Equilibrium” phase consists of an intermediate stage in which the 

elimination phase induces immune selection, which stimulates part of the tumor cells 

to decrease their immunogenicity. In this context, a dynamic equilibrium is 

established, in which the immune system is not able anymore to clear all the tumor 

cells at the same time. Some of the tumor cells, in fact, become resistant and able to 

hide themselves from the immune effector cells.  This eventually leads to the last 

phase of tumor “Escape”.  

 

Within the immune system, Dendritic Cells (DCs) play a crucial role in orchestrating 

anti-tumor immunity70. DCs are, in fact, specialized antigen presenting cells, with the 

unique ability of migrating to lymph nodes and initiating an anti-tumor immune 

response through activation of T helper cells, cytotoxic T cells and natural killer cells71. 

This potent and broad immune-stimulating function makes DCs ideal 

immunotherapeutic tools for cancer treatment. Moreover, several phase 1 clinical 

studies have highlighted their safety72. Despite the potential of DC-based 

immunotherapy in expanding T cell immunity even in patients with advanced-stage 

cancer, the clinical success until now has remained below expectations73. Further 

optimization is needed in the critical steps of ex-vivo generation and maturation of 

DCs such as, for instance, antigen loading and activating stimuli. Furthermore 

combinatory strategies that target the adverse immune-microenvironment are highly 

needed in order to boost the DC-mediated immune response74. In favour of this 

assumption, the combination of DC immunotherapy and immune-check point 

inhibitors, recently showed promising results in treating patients with advanced 

melanomas75, and parallel clinical trials are currently on going (NCT02677155, 

NCT01067287, and NCT01441765).  

In this thesis we tested the combinatory potential of DC-based immunotherapy and 

curcumin treatment, in targeting esophageal adenocarcinoma cells, in vitro. 
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1.3.2 CURCUMIN AND CANCER  

The rationale for including curcumin in our 

experimental settings comes from numerous 

studies that underlined its therapeutic potential 

in different disorders, including cancer76. 

Curcumin, or diferuloylmethane, is the main 

curcuminoid found in the rhizomes of the 

herbaceous perennial plant Curcuma longa 

(Zingiberaceae family). Curcumin is not only responsible of the yellow colour of 

Turmeric, the spice derived by the dried rhizome powder of Curcuma longa, but is 

considered to be its most active components. The spice Turmeric has been used in 

traditional Indian Ayurveda medicine since centuries to treat different illnesses. 

Curcumin possesses a broad spectrum of activities such as, antioxidant, antimicrobial, 

hypoglycemic and wound healing77,78,79,80. Through its anti-inflammatory properties, 

curcumin seems to exert therapeutic effects against neurodegenerative, 

cardiovascular, pulmonary, metabolic, autoimmune and neoplastic diseases81. 

Curcumin has been observed to block NF-κB activation by inhibiting the IκBα kinase 

and AKT82. In different studies, the overall downregulation of NF-κB-regulated genes 

suppressed tumor cells proliferation and angiogenesis both, in vitro and in vivo83,84. 

Within the most studied genes targeted by curcumin, of note are the tumor necrosis 

factor (TNF), cyclooxygenase-2 (COX-2), vascular endothelial growth factor (VEGF), 

interleukin-1 (IL-1), IL-2, IL-6, IL-8, IL-12, matrix metalloproteinase (MMPs), CDK285. 

Additionally, curcumin has been observed to induce apoptosis of cancer cells through 

p53 promotion86,87. Despite its safety and pleiotropic action, the main limitation of its 

effect resides in its poor bioavailability88. It gets poorly absorbed and rapidly 

metabolized and eliminated from the body. Pharmacodynamic and pharmacokinetic 

studies showed that, after oral intake, curcumin could be hardly detected in blood or 

urine, while it was recovered from feces89. However, intravenous administration in 

rats, improved its bioavailability in blood plasma suggesting that this route of 

administration should be considered also for human studies90. Several formulations of 

curcumin have been tested in order to increase availability and inhibit metabolic 

clearance91,92. Among them are, nano-formulations, Polylactic-co-glycolic acid (PLGA), 

liposomal or cyclic oligosaccharides encapsulation, piperine combinations. All these 

formulations showed to considerably increase curcumin solubility and bioavailability.  
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In our study, we used a nano-curcumin formulation, highly dispersible in water, with a 

mean particle size of 0.19μm compared to 22.74μm of standard curcumin powder93. 

Compared to unformulated curcumin, it showed improved bioavailability in healthy 

human volunteers94. Additionally, systemic exposure to high concentration of this 

formulation did not induce adverse effect in cancer patients95. 

 

1.3.3 MICRO-RNAS & ESOPHAGEAL ADENOCARCINOMA 

As explained before for Dendritic cell-based strategies, the success of any type of 

cancer immunotherapy ultimately relays on the absence of an unfavourable tumor 

immune microenvironment. Our efforts in identifying and overcome immune escape 

mechanisms in EAC, brought our attention on potent regulators of the immune 

system such as microRNAs (miRNAs). MiRNAs are small single-stranded noncoding 

RNAs that regulate mRNA expression at a post-transcriptional level. They mainly act 

by targeting the 3’ untranslated region of the mRNA of a gene, resulting in either 

translational repression, mRNA degradation, or mRNA cleavage, depending on the 

complementarity between the miRNA and the target mRNA96.  

In the last decade, miRNAs have been shown to regulate several processes in normal 

physiology, and miRNA dysregulation has been reported in many diseases, including 

cancer. Owing to their stable expression in serum, plasma, saliva, and other body 

fluids, they can be potentially good diagnostic, prognostic, and predictive biomarkers. 

Furthermore, since miRNAs act as oncogenes or tumor suppressor genes and regulate 

individual biological pathways by regulating the number of different downstream 

molecules, they make attractive candidates as therapeutic targets compared to 

approaches targeting single genes. To date, several studies have revealed distinct 

miRNA expression profiles between tumor and normal or premalignant tissue in both 

ESCC and EAC, identifying promising miRNAs with different roles at multiple steps of 

tumor progression.  

Because of the increase in EAC incidence and the very poor prognosis, the 

identification of biomarkers is urgently needed in order to detect EAC precancerous 

lesions (e.g., BE) at an early and curable stage and to identify patients at risk for 

developing EAC. Feber et al.97 performed miRNA expression arrays on a small cohort 

of patients that included esophageal tissues from normal squamous epithelium (NSE), 

high-grade dysplasia (HGD), ESCC, BE, and EAC. They found miRNA profiles that were 

distinct for each tissue type and could distinguish normal from malignant tissue. 

Additionally, they also found several miRNAs (e.g., miR-21, miR-192, miR-203) that 
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have been previously reported to be dysregulated in other types of cancer. 

Interestingly, the miRNA profile of NSE was found to be similar to ESCC, while that of 

EAC clustered closer to BE, reflecting the tissue specificity of miRNAs with the ability 

to discriminate between squamous and columnar tissue. The first microRNA profiling 

study carried out by Yang et al.98 included paired tissue from various stages of BE and 

EAC. The resulting miRNA signatures discriminated between diseased tissues and 

paired normal tissues, and associated with the progression of EAC. A large multicenter 

study by Mathè et al.99 reported microarray-based expression data of 100 EACs 

(including 63 patients diagnosed with BE) and the adjacent noncancerous tissues. 

They found miRNA differential expression in EAC patients and, interestingly, an 

association between miRNA miR-375 and survival of BE-associated EAC patients, 

highlighting the clinical utility of miRNAs as prognostic biomarkers. Furthermore, the 

combination of miR-375 expression and inflammatory risk score (IRS) was shown to be 

an improved prognostic classifier of BE-associated EAC patients100. Using northern 

blotting and in situ hybridization (ISH), Hu et al.101 analyzed the expression of 10 

miRNAs in four EAC cell lines and 158 ESCC and EAC tissue samples, finding 

associations of different miRNAs with tumor cell de-differentiation, lymph node 

metastasis (LNM), higher pathologic disease stage, poor overall survival, and disease-

free survival. A miRNA signature of BE carcinogenesis has been found by Fassan et 

al.,102 where microarray analysis of 14 NSE and 14 BE (7 LGD, 5 HGD, and 11 BE-

associated) EAC tissues, followed by quantitative polymerase chain reaction (qPCR) 

and ISH validation, identified specific miRNAs that are involved in BE progression to 

EAC. Leidner et al.103 used next generation sequencing in nine paired NSE–EAC tissues 

and identified 26 candidate miRNAs that were highly deregulated in EAC compared to 

NSE. Successful validation found two miRNAs (miR-31 and miR-375) to be potential 

markers of neoplastic progression in BE. NSG was also used by Bansal et al.,104 where 

the miRNA transcriptome of five gastro esophageal reflux disease (GERD) and six BE 

patients showed differential expression of several miRNAs between the two groups. 

Wu et al.105 published a large real-time PCR-based miRNA profile of 754 human 

miRNAs in 35 NSE, 34 BE (11 BE metaplasia, 13 LGD, 10 HGD), and 36 EAC tissues, 

confirming previously reported putative miRNA biomarkers and identifying new 

miRNAs differentially expressed at various stages of BE and EAC.  

 

It is now clear that miRNAs play key roles in many processes of tumorigenesis in 

several types of cancer. This is also the case for EAC, where different studies have 

demonstrated miRNA expression signatures in the progression from non-dysplastic to 
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EAC with a high power of discrimination between different tissues and pathological 

phenotypes. Furthermore, many of the putative miRNAs identified in the above 

mentioned studies can function as oncogenes or tumor suppressor genes, playing 

important roles in the control of important biological processes, such as cell growth, 

differentiation, and apoptosis, and can therefore be used as potential diagnostic, 

prognostic, and therapeutic tools. However, miRNA profiling studies possess many 

limitations that need to be overcome in order to define EAC-specific signatures and 

valid biomarkers. Tissue contamination, the use of different profiling platforms, and 

strategies of data normalization are only a few of these. In addition, the small number 

of patients included in the studies makes it difficult to obtain consistent results and 

prevents any association with clinical variables. Different study protocols and clinical 

criteria between different hospitals further complicate the comparison of miRNA 

expression datasets in large multicenter studies. Another issue to take into 

consideration is the origin of the tissue analysed. miRNAs are highly tissue-specific 

and it is quite difficult to compare their expression in cross-sectional studies, where 

tissues affected by progressive grades of cancer are obtained from different patients. 

Novel high-throughput methodologies, such as RNA sequencing, should be routinely 

used instead of miRNA microarrays, since they have a higher degree of sensitivity and 

can lead to discovery of yet unknown miRNAs. In conclusion, miRNAs play important 

roles in EAC carcinogenesis, and their clinical utility looks extremely promising, but 

reproducible detection methods, standardized sample selection and preparation 

protocols, and improved and consistent data analysis methods need to be adapted 

before we can assess and take full advantage of their clinical utility. 

 

Our approach in this thesis was to study if any miRNA, in EAC, could regulate an 

essential pathway of anti-tumor immunity, such as the MHC-I antigen presentation. It 

has been recently demonstrated that miRNAs can indeed target MHC-I genes and, 

that the integrity of the MHC-I pathway is indispensable for proper antigen 

presentation and tumor recognition by the effector T cells107. To this aim, we first 

characterized the expression of MHC-I pathway in several EAC patients’ derived 

biopsies. We then established an in vitro model using EAC cell lines, in which we 

screened the expression of several miRNAs known to be involved in 

immunopathology pathways. Finally we validated our findings by performing robust 

in vitro functional studies and, analysing patients’ biopsies by immunohistochemistry 

and miRNA in situ hybridization.  

 



General introduction & outline of the thesis 

REFERENCES

1) Ferlay, J. et al. Cancer incidence and 
mortality worldwide: sources, methods 
and major patterns in GLOBOCAN 2012. 
Int. J. Cancer (2015) 136, E359–E386.  
 
2) De Angelis, R. et al. Cancer survival in 
Europe 1999–2007 by country and age: 
results of EUROCARE—5-a population-
based study. Lancet Oncol. (2014) 15, 23–
34. 
 
3) Siegel, R. L., Miller, K. D. & Jemal, A. 
Cancer statistics, 2016. CA Cancer J. Clin. 
(2016) 66, 7–30. 
 
4) Romero D., Oesophageal cancer — 
not all alike. Nature Reviews Clinical 
Oncology (2017) 14, 138. 
 
5) The Cancer Genome Atlas Research 
Network. Integrated genomic 
characterization of oesophageal 
carcinoma. Nature. 2017 Jan 12; 
541(7636): 169-175. 
 
6) Rustgi AK, El-Serag HB. Esophageal 
carcinoma. N Engl J Med 2014; 371: 
2499–2509. 
 
7) Lagergren J, Bergstrom R, Lindgren A, 
Nyren O (1999) Symptomatic 
gastroesophageal reflux as a risk factor 
for esophageal adenocarcinoma. N Engl J 
Med 340: 825–831. 
 
8) Hvid-Jensen F, Pedersen L, Drewes 
AM, Sorensen HT, Funch-Jensen P 
Incidence of adenocarcinoma among 
patients with Barrett’s esophagus. N Engl 
J Med (2011)  365: 1375–1383. 
 
9) Desai TK, Krishnan K, Samala N, Singh 
J, Cluley J, Perla S, Howden CW The 
incidence of oesophageal 

adenocarcinoma in non-dysplastic 
Barrett’s oesophagus: a meta-analysis. 
Gut (2012) 61: 970–976. 
 
10) Duits LC, Phoa KN, Curvers WL, Ten 
Kate FJ, Meijer GA, Seldenrijk CA, 
Offerhaus GJ, Visser M, Meijer SL, 
Krishnadath KK et al. Barrett’s 
oesophagus patients with low-grade 
dysplasia can be accurately risk-stratified 
after histological review by an expert 
pathology panel. Gut (2015) 64: 700–706. 
 
11) Kastelein F, Van Olphen S, Steyerberg 
EW, Sikkema M, Spaander MC, Looman 
CW, Kuipers EJ, Siersema PD, Bruno MJ, 
De Bekker- Grob EW. ProBar-study group 
Surveillance in patients with long-
segment Barrett’s oesophagus: a cost-
effectiveness analysis. Gut (2015) 64: 
864–871. 
 
12) Reid BJ, Blount PL, Feng Z, Levine DS. 
Optimizing endoscopic biopsy detection 
of early cancers in Barrett's high-grade 
dysplasia. Am J Gastroenterol. 2000 Nov; 
95(11):3089-96. 
 
13) Paulson TG, Maley GC, Li X, Li H, 
Sanchez CA, Chao DL, Odze RD, Vaughan 
TL, Blount PL, and Reid BJ. Chromosomal 
instability and copy number alterations 
in Barrett's esophagus and esophageal 
adenocarcinoma. Clin Cancer Res. 2009 
May 15; 15(10): 3305–3314. 
 
14) Galipeau PC, Li X, Blount PL, Maley 
CC, Sanchez CA, Odze RD, Ayub K, 
Rabinovitch PS, Vaughan TL, Reid BJ. 
NSAIDs modulate CDKN2A, TP53, and 
DNA content risk for progression to 
esophageal adenocarcinoma. PLoS Med. 
2007 Feb; 4(2): e67. 
 



Chapter 1 

15) Bird-Lieberman EL, Dunn JM, 
Coleman HG, et al. Population-Based 
Study Reveals New Risk- Stratification 
Biomarker Panel for Barrett's Esophagus. 
Gastroenterology. 2012; 143:927–35.  
 
16) Timmer MR, Martinez P, Lau CT, 
Westra WM, Calpe S, Rygiel AM, 
Rosmolen WD, Meijer SL, Ten Kate FJ, 
Dijkgraaf MG, Mallant-Hent RC, Naber 
AH, van Oijen AH, Baak LC, Scholten P, 
Böhmer CJ, Fockens P, Maley CC, Graham 
T, Bergman JJ, Krishnadath KK. 
Derivation of genetic biomarkers for 
cancer risk stratification in Barrett's 
oesophagus: a prospective cohort study. 
Gut. 2016 Oct; 65(10):1602-10.  
 
17) Martinez P, Timmer MR, Lau CT, Calpe 
S, Sancho-Serra M del C, Straub D, Baker 
AM, Meijer SL, Kate FJ, Mallant-Hent RC, 
Naber AH, van Oijen AH, Baak LC, 
Scholten P, Böhmer CJ, Fockens P2, 
Bergman JJ, Maley CC, Graham TA, 
Krishnadath KK. Dynamic clonal 
equilibrium and predetermined cancer 
risk in Barrett's oesophagus. Nat 
Commun. 2016 Aug 19; 7:12158.  
 
18) Weston   AP,   Banerjee   SK,   Sharma   
P,   Tran   TM,   Richards   R, Cherian  R. 
p53  protein  overexpression  in  low  
grade  dysplasia   (LGD)   in   barrett’s   
esophagus:   Immunohistochemical 
marker   predictive   of   progression.   Am   
J   Gastroenterol   2001. 96: 1355–1362. 
 
19) Davelaar AL, Calpe S, Lau L, Timmer 
MR, Visser M, Ten Kate FJ, Parikh KB, 
Meijer SL, Bergman JJ, Fockens P, 
Krishnadath KK. Aberrant TP53 detected 
by combining immunohistochemistry 
and DNA-FISH improves Barrett's 
esophagus progression prediction: a 
prospective follow-up study. Genes 

Chromosomes Cancer. 2015 Feb; 
54(2):82-90.  
 
20) Bremner CG, Lynch VP, Ellis FH Jr. 
Barrett's esophagus: congenital or 
acquired? An experimental study of 
esophageal mucosal regeneration in the 
dog. Surgery. 1970 Jul; 68(1):209-16. 
 
21) Vaezi MF, Richter JE. Role of acid and 
duodenogastroesophageal reflux in 
gastroesophageal reflux disease. 
Gastroenterology. 1996 Nov; 111(5): 
1192-9. 
 
22) Hazelton WD, Curtius K, Inadomi JM, 
Vaughan TL, Meza R, Rubenstein JH, Hur 
C, and Luebeck EG. The role of 
gastroesophageal reflux and other 
factors during progression to esophageal 
adenocarcinoma. Cancer Epidemiol 
Biomarkers Prev. 2015 Jul; 24(7): 1012–
1023. 
 
23) Meyer W, Vollmer F, Bar W. Barrett-
esophagus following total gastrectomy. 
A contribution to its pathogenesis. 
Endoscopy 1979; 11: 121–126. 
 
24) Theisen J, Peters JH, Stein HJ. 
Experimental evidence for mutagenic 
potential of duodenogastric juice on 
Barrett’s esophagus. World J Surg 2003; 
/27:/1018/20. 
 
25) Nehra D, Howell P, Williams CP, Pye 
JK, Beynon J. Toxic bile acids in gastro-
oesophageal reflux disease: influence of 
gastric acidity. Gut 1999; /44:/598/602. 
 
26) Kauer WK, Peters JH, DeMeester TR, 
Feussner H, Ireland AP, Stein HJ, Siewert 
RJ. Composition and concentration of 
bile acid reflux into the esophagus of 
patients with gastroesophageal reflux 



disease. Surgery. 1997 Nov; 122(5):874-
81. 
 
27) A. De Gottardi, J.M. Dumonceau, F. 
Bruttin, A. Vonlaufen, I. Morard, L. Spahr, 
L. Rubbia-Brandt, J.L. Frossard, W.N. 
Dinjens, P.S. Rabinovitch, A. Hadengue, 
Expression of the bile acid receptor FXR 
in Barrett’s esophagus and enhancement 
of apoptosis by guggulsterone in vitro, 
Mol. Cancer 5 (2006) 48. 
 
28) A. van de Winkel, K.P. van Zoest, H. 
van Dekken, L.M. Moons, E.J. Kuipers, L.J. 
van der Laan, Differential expression of 
the nuclear receptors Farnesoid X 
receptor (FXR) and pregnane X receptor 
(PXR) for grading dysplasia in patients 
with Barrett’s oesophagus, 
Histopathology 58 (2011) 246e253. 
 
29) Chunhong Pang, Amy LaLonde, Tony 
E Godfrey, Jianwen Que, Jun Sun, Tong 
Tong Wu, and Zhongren Zhou. Bile salt 
receptor TGR5 is highly expressed in 
esophageal adenocarcinoma and 
precancerous lesions with significantly 
worse overall survival and gender 
differences Clin Exp Gastroenterol. 2017;  
10: 29–37. 
 
30) Bernstein, H. et al. Activation of the 
promoters of genes associated with DNA 
damage, oxidative stress, ER stress and 
protein malfolding by the bile salt, 
deoxycholate. Toxicol. Lett. (1999) 108, 
37–46. 
 
31) Chen, X. X. et al. Oxidative damage in 
an esophageal adenocarcinoma model 
with rats. Carcinogenesis (2000) 21, 257–
263. 
 
32) Oh, T. Y. et al. Oxidative stress is more 
important than acid in the pathogenesis 

of reflux oesophagitis in rats. Gut (2001) 
49, 364–371. 
 
33) Sihvo, E. I. T. et al. Oxidative stress has 
a role in malignant transformation in 
Barrett’s oesophagus. Int. J. Cancer 
(2002) 102, 551–555.  
 
34) Wetscher, G. J. et al. Reflux 
esophagitis in humans is a free radical 
event. Dis. Esophagus (1997) 10, 29–32.  
 
35) Fountoulakis, A. et al. The role of 
vitamin C in the pathogenesis of Barrett’s 
oesophagus. Br. J. Cancer (2002) 86, S51.  
 
36) Wilson, K. T., Fu, S. D., Ramanujam, K. 
S. & Meltzer, S. J. Increased expression of 
inducible nitric oxide synthase and 
cyclooxygenase-2 in Barrett’s esophagus 
and associated adenocarcinomas. Cancer 
Res. (1998) 58, 2929–2934. 
 
37) Jacobs IJ, Ku WY, Que J. Genetic and 
cellular mechanisms regulating anterior 
foregut and esophageal development. 
Dev Biol 2012; 369:54-64. 
 
38) Pavlov K, Meijer C, van den Berg A, 
Peters FT, Kruyt FA, Kleibeuker JH, 
Embryological signaling pathways in 
Barrett’s metaplasia development and 
malignant transformation; mechanisms 
and therapeutic opportunitiesCrit Rev 
Oncol Hematol 2014; 92: 25-37. 
 
39) Que J, Okubo T, Goldenring JR, Nam 
KT, Kurotani R, Morrisey EE et al. Multiple 
dose-dependent roles for Sox2 in the 
patterning and differentiation of anterior 
foregut endoderm. Development 2007; 
134:2521-31. 
 
40) Daniely Y, Liao G, Dixon D, Linnoila RI, 
Lori A, Randell SH et al. Critical role of 
p63 in the development of a normal 



Chapter 1 

esophageal and tracheobronchial 
epithelium. Am J Physiol Cell Physiol 
2004; 287:C171-81. 
 
41) van Olphen S, Biermann K, Spaander 
MC, Kastelein F, Steyerberg EW, Stoop 
HA, Bruno MJ, Looijenga LH. SOX2 as a 
novel marker to predict neoplastic 
progression in Barrett's esophagus. Am J 
Gastroenterol. 2015 Oct; 110(10):1420-8. 
 
42) Chen X, Qin R, Liu B, et al. 
Multilayered epithelium in a rat model 
and human Barrett’s esophagus: 
Expression patterns of transcription 
factors and differentiation markers. BMC 
Gastroenterol. 2008;8:1.  
 
43). Roman S, Petre A, Thepot A, et al. 
Downregulation of p63 upon exposure 
to bile salts and acid in normal and 
cancer esophageal cells in culture. Am J 
Physiol Gastrointest Liver Physiol. 2007; 
293:G45–53. 
 
44) Caifei Shen, Haoxiang Zhang, Pu 
Wang, Ji Feng, Jingwen Li, Yin Xu, Anran 
Zhang, Shunzi Shao, et al. Deoxycholic 
acid (DCA) confers an intestinal 
phenotype on esophageal squamous 
epithelium via induction of the 
stemness-associated reprogramming 
factors OCT4 and SOX2. Cell Cycle 2016, 
vol. 0, no. 0, 111. 
 
45) Milano F, van Baal JW, Buttar NS, 
Rygiel AM, de Kort F, DeMars CJ et al. 
Bone morphogenetic protein 4 
expressed in esophagitis induces a 
columnar phenotype in esophageal 
squamous cells. Gastroenterology 2007; 
132:2412-21. 
 
46) Zhou G, Sun YG, Wang HB, Wang WQ, 
Wang XW, Fang DC. Acid and bile salt 
up-regulate BMP4 expression in human 

esophageal epithelium cells. Scand J 
Gastroenterol. 2009; 44(8):926-32.  
 
47) Yang L, Wang LS, Chen XL, Gatalica Z, 
Qiu S, Liu Z et al. Hedgehog signaling 
activation in the development of 
squamous cell carcinoma and 
adenocarcinoma of esophagus. Int J 
Biochem Mol Biol 2012; 3:46-57. 
 
48) Rizvi S., DeMars CJ, Comba A, et al. 
Combinatorial Chemoprevention Reveals 
a Novel Smoothened Independent Role 
of GLI1 in Esophageal Carcinogenesis. 
Cancer Res. 2010 Sep 1; 70(17): 6787–
6796. 
 
49) Wang, D.H., Clemons, N.J., Miyashita, 
T., Dupuy, A.J., Zhang, W., Szczepny, A., 
Corcoran-Schwartz, I.M., Wilburn, D.L., 
Montgomery, E.A., Wang, J.S., et al. 
(2010). Aberrant epithelial-mesenchymal 
Hedgehog signaling characterizes 
Barrett’s metaplasia. Gastroenterology 
138, 1810–1822. 
 
50) Formeister EJ, Sionas AL, Lorance DK, 
Barkley CL, Lee GH, Magness ST. Distinct 
SOX9 levels differentially mark 
stem/progenitor populations and 
enteroendocrine cells of the small 
intestine epithelium. Am J Physiol 
Gastrointest Liver Physiol 2009; 
296:1108-18. 
 
51) Clemons NJ, Wang DH, Croagh D, 
Tikoo A, Fennell CM, Murone C et al. Sox9 
drives columnar differentiation of 
esophageal squamous epithelium: a 
possible role in the pathogenesis of 
Barrett’s esophagus. Am J Physiol 
Gastrointest Liver Physiol 2012; 
303:1335-46. 
 
52) Madison BB, Braunstein K, Kuizon E, 
Portman K, Qiao XT, Gumucio DL. 



Epithelial hedgehog signals pattern the 
intestinal crypt-villus axis. Development 
2005; 132:279-89. 
 
53) Beck F, Stringer EJ. The role of Cdx 
genes in the gut and in axial 
development. Biochem Soc Trans 2010; 
38:353-357. 
 
54) Werling RW, Yaziji H, Bacchi CE, Gown 
AM. CDX2, a highly sensitive and specific 
marker of adenocarcinomas of intestinal 
origin: an immunohistochemical survey 
of 476 primary and metastatic 
carcinomas. Am J Surg Pathol 2003; 
27:303-310. 
 
55) A. Eda, H. Osawa, K. Satoh et al., 
“Aberrant expression of CDX2 in Barrett's 
epithelium and inflammatory 
esophageal mucosa,” Journal of 
Gastroenterology, vol. 38, no. 1, pp. 14–
22, 2003.  
 
56) R. W. Phillips, H. F. Frierson Jr., and C. 
A. Moskaluk, “Cdx2 as a marker of 
epithelial intestinal differentiation in the 
esophagus,” American Journal of 
Surgical Pathology, vol. 27, no. 11, pp. 
1442–1447, 2003.  
 
57) Vallbohmer D,  DeMeester  SR,  Peters  
JH, et  al.  Cdx-2 expression in squamous 
and metaplastic columnar epithelia of 
the esophagus. Dis Esophagus. 2006; 
19:260–266. 433 Volume 15, Issue 6, June 
2009, Pages 245-253. 
 
58) X. Huo, H. Y. Zhang, X. I. Zhang et al., 
“Acid and bile salt-induced CDX2 
expression differs in esophageal 
squamous cells from patients with and 
without Barrett's esophagus,” 
Gastroenterology, vol. 139, no. 1, pp. 
194.e1–203.e1, 2010.  
 

59) H. Kazumori, S. Ishihara, M. A. K. Rumi, 
Y. Kadowaki, and Y. Kinoshita, “Bile acids 
directly augment caudal related 
homeobox gene Cdx2 expression in 
oesophageal keratinocytes in Barrett's 
epithelium,” Gut, 2006 vol. 55, no. 1, pp. 
16–25.  
 
60) Kong, J., Crissey, M.A., Funakoshi, S., 
Kreindler, J.L., and Lynch, J.P.. Ectopic 
Cdx2 expression in murine esophagus 
models an intermediate stage in the 
emergence of Barrett’s esophagus. PLoS 
ONE (2011) 6, e18280. 
 
61) Coley, W. B. The treatment of 
inoperable sarcoma by bacterial toxins 
(the mixed toxins of the Streptococcus 
erysipelas and the Bacillus prodigiosus). 
Proc. R. Soc. Med. (1910) 3, 1–48. 
 
62) Burnet FM. Immunological aspects of 
malignant disease. Lancet. 1967; 1:1171–
1174. 
 
63) Burnet FM. The concept of 
immunological surveillance. Prog. Exp. 
Tumor Res. 1970; 13:1–27.  
 
64) Milano F, Krishnadath KK. Novel 
therapeutic strategies for treating 
esophageal adenocarcinoma: the 
potential of dendritic cell 
immunotherapy and combinatorial 
regimens. Hum Immunol. 2008 Oct; 
69(10):614-24. 
 
65) Kantoff, P. W. et al. Sipuleucel T 
immunotherapy for castration-resistant 
prostate cancer. N. Engl. J. Med. (2010) 
363, 411–422. 
 
66) Hodi, F. S. et al. Improved survival 
with ipilimumab in patients with 
metastatic melanoma. N. Engl. J. Med. 
(2010) 363, 711–723. 



Chapter 1 

 
67) Robert, C. et al. Nivolumab in 
previously untreated melanoma without 
BRAF mutation. N. Engl. J. Med. (2014) 
372, 320–330. 
 
68) Robert, C. et al. Pembrolizumab 
versus ipilimumab in advanced 
melanoma. N. Engl. J. Med. (2015) 372, 
2521–2532. 
 
69) Dunn GP, Old LJ, Schreiber RD. The 
three Es of cancer immunoediting. Annu 
Rev Immunol 2004; 22:329-360. 
 
70) Banchereau, J., and Steinman, R.M. 
1998. Dendritic cells and the control of 
immunity. Nature. 392:245–252. 
 
71) Kirkwood JM, Butterfi eld LH, Tarhini 
AA, Zarour H, Kalinski P, Ferrone S. 
Immunotherapy of cancer in 2012. CA 
Cancer J Clin 2012; 62: 309–35. 
 
72) Draube A, Klein-González N, 
Mattheus S, et al. Dendritic cell based 
tumor vaccination in prostate and renal 
cell cancer: a systematic review and 
meta-analysis. PLoS One 2011; 6: e18801. 
 
73) Anguille S, Smits EL, Lion E, van 
Tendeloo VF, Berneman ZN. Clinical use 
of dendritic cells for cancer therapy. 
Lancet Oncol. 2014;15(7):e257-67. 
 
74) Milano F, Krishnadath KK Novel 
therapeutic strategies for treating 
esophageal adenocarcinoma: the 
potential of dendritic cell 
immunotherapy and combinatorial 
regimens. Hum Immunol. 2008 Oct; 
69(10):614-24.  
 
75) Wilgenhof S, Corthals J, Heirman C, et 
al. Phase II study of autologous 
monocyte-derived mRNA electroporated 

dendritic cells (TriMixDC-MEL) plus 
ipilimumab in patients with pretreated 
advanced melanoma. J Clin Oncol 2016; 
34:1330-1338. 
 
76) Kasi PD, Tamilselvam R, Skalicka-
Wozniak K et al. (2016) Molecular targets 
of curcumin for cancer therapy: an 
updated review. Tumour Biology 37: 
13017–28. 
 
77) Sharma OP. Antioxidant activity of 
curcumin and related compounds. 
Biochem Pharmacol. 1976;25:1811–1812. 
 
78) Nishiyama T, Mae T, Kishida H, 
Tsukagawa M, Mimaki Y, Kuroda M, et al. 
Curcuminoids and sesquiterpenoids in 
turmeric (Curcuma longa L.) suppress an 
increase in blood glucose level in type 2 
diabetic KK-Ay mice. J Agric Food Chem. 
2005; 53:959–963. 
 
79) Negi PS, Jayaprakasha GK, Jagan 
Mohan Rao L, Sakariah KK. Antibacterial 
activity of turmeric oil: a byproduct from 
curcumin manufacture. J Agric Food 
Chem. 1999; 47:4297–4300. 
 
80) Sidhu GS, Singh AK, Thaloor D, 
Banaudha KK, Patnaik GK, Srimal RC, et al. 
Enhancement of wound healing by 
curcumin in animals. Wound Repair 
Regen. 1998; 6:167–177. 
 
81) Aggarwal BB, Harikumar KB. Potential 
therapeutic effects of curcumin, the anti-
inflammatory agent, against 
neurodegenerative, cardiovascular, 
pulmonary, metabolic, autoimmune and 
neoplastic diseases. Int J Biochem Cell 
Biol. 2009; 41(1):40–59. 
 
82) Aggarwal S, Ichikawa H, Takada Y, 
Sandur SK, Shishodia S, Aggarwal BB. 
Curcumin (diferuloylmethane) down-



regulates expression of cell proliferation 
and antiapoptotic and metastatic gene 
products through suppression of 
IkappaBalpha kinase and Akt activation. 
Mol Pharmacol 2006c; 69:195–206.  
 
83) Aggarwal S, Takada Y, Singh S, Myers 
JN, Aggarwal BB. Inhibition of growth 
and survival of human head and neck 
squamous cell carcinoma cells by 
curcumin via modulation of nuclear 
factor-kappaB signaling. Int J Cancer 
2004; 111:679–692.  
 
84) Kunnumakkara AB, Guha S, Krishnan 
S, Diagaradjane P, Gelovani J, Aggarwal 
BB. Curcumin potentiates antitumor 
activity of gemcitabine in an orthotopic 
model of pancreatic cancer through 
suppression of proliferation, 
angiogenesis, and inhibition of nuclear 
factor-kappaB-regulated gene products. 
Cancer Res 2007; 67:3853–3861. 
 
85) Adeeb Shehzad, Fazli Wahid, and 
Young Sup Lee. Curcumin in Cancer 
Chemoprevention: Molecular Targets, 
Pharmacokinetics, Bioavailability, and 
Clinical Trials. Arch. Pharm. Chem. Life 
Sci. 2010, 9, 489–499.  
 
86) Choudhuri T, Pal S, Agwarwal ML, Das 
T, Sa G. Curcumin induces apoptosis in 
human breast cancer cells through p53- 
dependent Bax induction. FEBS Lett. 
2002; 512(1–3):334–40. 
 
87). Jee SH, Shen SC, Kuo ML, Tseng CR, 
Chiu HC. Curcumin induces a p53-
dependent apoptosis in human basal cell 
carcinoma cells. J Investig Dermatol. 
1998; 111(4):656–61. 
 
88) Anand P, Kunnumakkara AB, 
Newman RA, Aggarwal BB. Bioavailability 

of curcumin: problems andpromises. Mol 
Pharm 2007; 4:807–818. 
 
89) Ricky A. Sharma, Heather R. 
McLelland, Kirsti A. Hill, Christopher R. 
Ireson, Stephanie A. Euden, et al. 
Pharmacodynamic and Pharmacokinetic 
Study of Oral Curcuma Extract in Patients 
with Colorectal Cancer. Clin Cancer Res. 
2001 Jul; 7(7):1894-900. 
 
90) Sun J, Bi C, Chan HM, Sun S, Zhang Q, 
Zheng Y. Curcumin-loaded solid lipid 
nanoparticles have prolonged in vitro 
antitumour activity, cellular uptake and 
improved in vivo bioavailability. Colloids 
Surf B Biointerfaces. 2013; 111C:367–375. 
 
91) Kurita T, Makino Y. Novel curcumin 
oral delivery systems. Anticancer res 
2013; 33: 2807-21. 
 
92) Helson L. Curcumin (diferuloylm 
ethane) delivery methods: a review. 
Biofactors2013; 39: 21-26 
 
93) Sasaki H, Sunagawa Y, Takahashi K, 
Imaizumi A, et al. Innovative preparation 
of curcumin for improved oral 
bioavailability. Biol Pharm Bull. 
2011;34(5):660-5. 
 
94) Kanai M, Imaizumi A, Otsuka Y, Sasaki 
H, et al. Dose-escalation and 
pharmacokinetic study of nanoparticle 
curcumin, a potential anticancer agent 
with improved bioavailability, in healthy 
human volunteers. Cancer Chemother 
Pharmacol. 2012 Jan;69(1):65-70. 
 
95) Kanai M, Otsuka Y, Otsuka K, Sato M, 
Nishimura T, Mori Y, et al. A phase I study 
investigating the safety and 
pharmacokinetics of highly bioavailable 
curcumin (Theracurmin) in cancer 



Chapter 1 

patients. Cancer Chemother Pharmacol. 
2013 Jun; 71(6):1521-30.  
 
96) Huntzinger, E. & E. Izaurralde. Gene 
silencing by miRNAs: contributions of 
translational repression and mRNA 
decay. Nat. Rev. Genet. 2011. 12: 99–110. 
 
97) Feber, A., L. Xi, J.D. Luketich, et al. 
MicroRNA expression profiles of 
esophageal cancer. 2008. J. Thorac. 
Cardiovasc. Surg. 135: 255–260. 
 
98) Yang,H, J.Gu, K.K.Wang, et al. 
MicroRNA expression signatures in 
Barrett’s esophagus and esophageal 
adenocarcinoma. Clin. Cancer Res. 2009. 
15: 5744–5752. 
 
99) Mathè, E.A., G.H. Nguyen, E.D. 
Bowman, et al. MicroRNA expression in 
squamous cell carcinoma and 
adenocarcinoma of the esophagus: 
associations with survival. Clin Cancer 
Res. 2009. 15: 6192–6200. 
 
100) Nguyen, G.H., A.J. Schetter, D.B. 
Chou, et al. Inflammatory and microRNA 
gene expression as prognostic classifier 
of Barrett’s-associated esophageal 
adenocarcinoma. Clin. Cancer Res. 2010. 
16: 5824–5834. 
 
101) Hu, Y., A.M. Correa, A. Hoque, et al. 
Prognostic significance of differentially 

expressed miRNAs in esophageal cancer. 
Int. J. Cancer 2011. 128: 132–143. 
 
102) Fassan M., S. Volinia, J. Palatini, et al. 
MicroRNA expression profiling in human 
Barrett’s carcinogenesis. Int. J. Cancer 
2011. 129: 1661–1670. 
 
103) Leidner, R.S., L. Ravi, P. Leahy, et al. 
The microRNAs, MiR-31 andMiR-375, as 
candidate markers in Barrett’s 
esophageal carcinogenesis. Genes 
Chromosomes Cancer 2012. 51: 473–479. 
 
104) Bansal, A., I.H. Lee, X. Hon, S.C. 
Mathur, et al. Discovery and validation of 
Barrett’s esophagus microRNA 
transcriptome by next generation 
sequencing. PLoS One 2012.8: e54240. 
 
105) Wu, X., J.A. Ajani, J. Gu, et al. 
MicroRNA expression signatures during 
malignant progression from Barrett’s 
esophagus to esophageal 
adenocarcinoma. Cancer Prev. Res. 
(Phila). 2013. 6: 196–205. 
 
106) Kulkarni S, Savan R, Qi Y, Gao X, Yuki 
Y, Bass SE, Martin MP, Hunt P, Deeks SG, 
Telenti A, Pereyra F, Goldstein D, 
Wolinsky S, Walker B, Young HA, 
Carrington M. Differential microRNA 
regulation of HLA-C expression and its 
association with HIV control. Nature. 
2011 Apr 28; 472(7344):495-8. 

 




